Abstract
September 2013 to September 2016 were selected for this study. The age of these patients ranged within 18-to 75-years-old. Blood pressure, height and weight were measured in each patient, and the body mass index value was calculated. Furthermore, gastric acid, serum gastrin, serum vitamin and serum creatinine tests were performed, and peripheral nerve conduction velocity and Helicobacter pylori (H. pylori ) were detected. In addition, the type of gastritis was determined by gastroscopy. The above factors were used as independent variables to analyze chronic gastritis with peripheral neuropathy and vitamin B12 deficiency risk factors, and to analyze the relationship between vitamin B12 levels and peripheral nerve conduction velocity. In addition, in the treatment of CAG on the basis of vitamin B12, patients with peripheral neuropathy were observed.
RESULTS

Age, H. pylori infection, CAG, vitamin B9 and vitamin
B12 were risk factors for the occurrence of peripheral nerve degeneration. Furthermore, CAG and H. pylori infection were risk factors for chronic gastritis associated with vitamin B12 deficiency. Serum vitamin B12 level was positively correlated with sensory nerve conduction velocity in the tibial nerve (R = 0.463). After vitamin B12 supplementation, patients with peripheral neuropathy improved.
CONCLUSION
Serum vitamin B12 levels in patients with chronic gastritis significantly decreased, and the occurrence of peripheral neuropathy had a certain correlation. CAG and H. pylori infection are risk factors for vitamin B12 deficiency and peripheral neuropathy. When treating CAG, vitamin B12 supplementation can significantly reduce peripheral nervous system lesions. Therefore, the occurrence of peripheral neuropathy associated with vitamin B12 deficiency may be considered in patients with CAG. Furthermore, the timely supplementation of vitamin B12 during the clinical treatment of CAG can reduce or prevent peripheral nervous system lesions.
INTRODUCTION
Chronic atrophic gastritis (CAG) is a common chronic digestive system disease, and its main clinical manifestations include excessive abdominal pain, bloating and abdominal discomfort. Some patients may develop numbness and other neurological disease symptoms, and its pathological features are gastric mucosal and inherent glandular atrophy [1, 2] . In addition, gastric mucosal and inherent glandular atrophy lead to gastric acid. Furthermore, internal factors, such as the insufficient secretion of substances, affect vitamin B12 (VitB12) absorption [3, 4] , which in turn leads to lack of VitB12 in vivo [5] [6] [7] [8] [9] . Related studies have shown that VitB12 and folic acid deficiency can affect homocysteine metabolism, which leads to impaired neurons, causing peripheral neuropathy [10] [11] [12] . Therefore, numbness and other neurological symptoms that may be related to VitB12 and folic acid deficiency should be considered in patients with CAG.
No clinical evidence published to date has confirmed the relationship between these two. Furthermore, no study has reported the supplementation of VitB12 during the occurrence and prognosis of peripheral neuropathy in patients with CAG. Moreover, the association of patients with CAG and peripheral neuropathy remains unclear. Therefore, in the present study, through the treatment of peripheral neuropathy in patients with chronic gastritis, the clinical characteristics were analyzed and the possible risk factors were screened out to identify viable preventive measures and interventions, thereby playing a guiding role in the clinical treatment of CAG. The details are reported as follows.
MATERIALS AND METHODS
Object of study
Outpatients diagnosed with chronic gastritis by gastroscopy and pathological examination in our hospital from September 2013 to September 2016 were selected for this study. Exclusion criteria: (1) patients < 18-years-old or > 75-years-old; (2) patients who received drugs to treat gastritis within the past 2 wk; (3) patients who received VitB12 supplements and folic acid drugs within the past 2 wk; (4) patients whose other systems or organs are good, patients with malignant neoplasms, severe cardiovascular, cerebrovascular, liver or kidney disease, patients with primary disease of the hematopoietic system and patients with mental illness; (5) or patients who are pregnant and lactating. Finally, a total of 593 patients were included in the study. Among these patients, 295 were male and 298 were female. The average age of these patients was 46.5 ± 12.8 years, their mean blood pressure was 130.54 ± 19.96 mmHg/96.56 ± 9.70 mmHg, and their average body mass index (BMI) value was 21.16 ± 2.34. This research program and its experimental design were approved by the Ethics Committee of our institute. All patients provided signed informed consent.
Detection methods and groupings
Measurement of nerve conduction velocity:
The Dantec Keypoint EMG/evoked potential (Denmark) was used at room temperature (25 ℃). The median nerve, ulnar nerve, tibial nerve and sural nerve sensory and motor nerve conduction velocity of patients were routinely detected. Nerve conduction velocity was lower than the average conduction velocity in healthy young people, and was less than three times the standard deviation, or the same nerve conduction velocity difference of > 10%; that is, peripheral nerve conduction velocity abnormality. These abnormalities were measured again. Hence, there were two results for the abnormal diagnosis for peripheral neuropathy. In our hospital, the motor nerve conduction velocity reference value was as follows: median nerve: 57.8 ± 6.2; ulnar nerve: 55.36 ± 4.65; tibial nerve: 44.96 ± 2.57; and sural nerve: 50.17 ± 3.62. The sensory nerve conduction velocity reference value was as follows: median nerve: 55.18 ± 4.26; ulnar nerve: 50.27 ± 4.53; tibial nerve: 52.43 ± 3.62; and sural nerve: 47.65 ± 6.47. These patients were divided into two groups, according to these results: peripheral neuropathy group, and no peripheral neuropathy group.
Determination of serum creatinine, serum gas trin and vitamin levels: 5 mL of venous blood was collected from all patients after 1 d of fasting. After anticoagulation, the collected samples were centrifuged. Then, after the serum was separated, the sample was frozen and stored in aliquots at -20 ℃ for testing. Serum creatinine and serum gastrin were detected using a Hitachi 7060 automatic biochemical analyzer (Japan), and serum vitamin was detected by immunoenzyme analysis. All related operations were performed by highly experienced personnel, in strict accordance with instrument instructions. The VitB12 normal reference value in our hospital was > 160 ng/L.
Gastric juice analysis:
Patients were instructed to fast for 8-12 hr prior to their examination in the morning. The nasogastric tube was placed into the stomach through the nose, and overnight net pumping of fasting gastric juice was performed. Pentagastrin was subcutaneously injected to stimulate gastric acid secretion, and gastric juice suction was continued for 1 hr. Then, the maximum amount of gastric acid secreted by the patient was recorded.
Gastroscopy:
Patients were instructed to fast for 6-8 hr prior to the examination. After the antifoaming agent was administered and pharyngeal anesthesia was performed, an Olympus GIF-XQ230 gastroscope (Japan) was used for the examination. For the endoscopy of each patient, two tissue samples were collected from the antrum and curvature of the gastric body, respectively. The specimens were immediately fixed in methanol after collection. After the specimens were conventionally fixed, the tissues were embedded, sliced, dyed and microscopically observed by experienced hospital laboratory personnel to identify the type of chronic gastritis.
H. pylori detection:
Each patient underwent the following tests for H. pylori detection: (1) rapid urease test; (2) 13C urea breath test; and (3) 
Intervention method
In addition to the conventional treatment of chronic gastritis, each patient was supplemented for vitamin deficiency according to their condition. The supplementation of VitB12 for CAG patients with peripheral neuropathy was based on the primary disease treatment and control of risk factors that lead to VitB12 deficiency.
Specific methods:
In the treatment of CAG or the radical treatment of H. pylori on the basis of conventional medication, patients were intramuscularly injected with 0.5 mg of VitB12 once a week. Then, the VitB12 level and peripheral nerve conduction velocity (tibial nerve sensory nerve) of each patient were determined in vivo after diagnosis; that is, at the start of the medication, before the start of the medication, 1-3 mo after the medication, and 6 mo after the medication, respectively. The data were recorded and compared.
Statistical analysis
SPSS 19.0 was used for statistical analysis. The age and incidence of peripheral neuropathy in each group was used for count data, and analyzed by χ 2 -test. Age, blood pressure, serum creatinine, gastric acid, serum gastrin and serum vitamin levels, and nerve conduction velocity measurement data were expressed as mean ± SD. T-test was used to compare between groups. The multivariate regression analysis of chronic gastritis with peripheral neuropathy was performed by logistic regression analysis. The correlation analysis between VitB12 and peripheral nerve conduction velocity were included in the analysis. The logistic regression analysis results revealed that BMI, gastric acid, serum gastrin and vitamin A had no significant effect on peripheral neuropathy, and the difference was not statistically significant (P > 0.05). On the contrary, age (P =0.037), H. pylori infection (P = 0.000), CAG (P = 0.000), VitB9 (P = 0.034) and VitB12 (P = 0.000) had a significant effect on peripheral neuropathy. Further analysis revealed that based on odds ratio (OR) values, the following factors effected peripheral neuropathy (arranged in descending order according to occurrence): VitB12, CAG, H. pylori infection, VitB9 and age (Table 3 ).
Correlation analysis of serum VitB12 levels and sensory nerve conduction velocity in the tibial nerve for patients with chronic gastritis
The correlation between serum VitB12 and peripheral nerve conduction velocity in patients with chronic gastritis was analyzed. Results are shown in Figure 1 . There was a positive correlation between serum VitB12 levels and peripheral nerve conduction velocity (r = 0.631, P = 0.000).
Comparison of the general situation of patients with or without VitB12 deficiency
In comparing the general situation of chronic gastritis patients with VitB12 deficiency and normal VitB12 levels, it was found that age, H. pylori infection rate, the prevalence of CAG and serum gastrin levels were significantly higher in patients with VitB12 deficiency than in patients with normal VitB12 levels (P < 0.05), while BMI values and folic acid levels were low in patients with normal VitB12 levels; and, the difference was statistically significant (P < 0.05). However, the difference in sex, blood pressure and serum creatinine levels between both groups of patients was not statistically significant (P > 0.05; Table 4 ).
Multivariate logistic regression analysis results for chronic gastritis patients with VitB12 deficiency
Further factorial analysis was performed on factors that were statistically significant for the univariate analysis. Age, BMI value, H. pylori infection, endoscopy results (CAG), gastric acid and serum gastrin were included in the analysis. The logistic regression analysis results revealed that BMI values, gastric acid and serum gastrin had no significant effect on VitB12 deficiency, was analyzed by Pearson analysis. The multivariate regression analysis of chronic gastritis with VitB12 deficiency was performed using logistic regression analysis. The level of serum VitB12 and folic acid were compared using one-way ANOVA after 1-3 mo and 6 mo. P < 0.05 was considered statistically significant.
RESULTS
Groupings and the comparison of peripheral nerve conduction velocity between the two groups
A total of 593 patients with chronic gastritis were included in the present study. Among these patients, 162 had peripheral neuropathy (peripheral neuropathy group) and 431 had no peripheral neuropathy (no peripheral neuropathy group). The peripheral nerve conduction velocity in these two groups was compared. The ulnar-median nerve, tibial nerve and sural nerve sensory and motor nerve conduction velocity, and ulnar nerve sensory nerve conduction velocity were lower in patients with peripheral neuropathy, compared to patients without peripheral neuropathy, and the difference was statistically significant (P < 0.05). There was no significant difference in nerve conduction velocity between these two groups (P > 0.05; Table 1 ).
Comparison of the general situation of patients in the peripheral neuropathy and no peripheral neuropathy groups
In comparing the general information of patients in these two groups, it was revealed that age, H. pylori infection rate and the prevalence of CAG were higher in patients in the peripheral neuropathy group than in patients in the no peripheral neuropathy group, while BMI, serum vitamin A, vitamin B9 (folic acid) and VitB12 were lower than in patients in the no peripheral neuropathy group, and the differences were statistically significant (P < 0.05). Moreover, the difference in sex, blood pressure, serum creatinine, VitB1, VitB6 and VitE between these two groups were not statistically significant (P > 0.05; Table 2 ).
Peripheral neuropathy multivariate logistic regression analysis results
A further factorial analysis was performed on factors that were statistically significant in the univariate analysis. Age, BMI, H. pylori infection, endoscopic results (CAG), vitamin A, VitB9 (folic acid) and VitB12 and the difference was not statistically significant (P > 0.05); while age (P = 0.037), H. pylori infection (P = 0.000) and CAG (P = 0.000) had a significant effect on VitB12 deficiency. Further analysis revealed that based on OR values, the following factors affected VitB12 deficiency (in descending order): CAG, H. pylori infection and age (Table 5) .
Changes of serum VitB12 levels and nerve conduction velocity in patients after supplementation with VitB12
Chronic gastritis in patients with VitB12 deficiency occu rred mainly due to slow atrophic gastritis and H. pylori infection. In the present study, atrophic gastritis and radical H. pylori infection were treated based on the supplementation of VitB12 in patients. These results revealed that compared with untreated patients, serum VitB12 levels gradually increased (F = 5.241, P < 0.05); and after 1 mo of treatment, the differences were statistically significant (T = 4.647, P = 0.000). Furthermore, nerve conduction velocity gradually accelerated (F = 3.172, P < 0.05; Table 6 , Figures 2 and 3) .
DISCUSSION
CAG is a common digestive system disease, which commonly causes H. pylori infection, bile reflux, vasoactive factors and cytokine changes. It has been generally accepted that CAG occurs under the joint action of various factors, and its development process is caused by the long evolution of multiple genes. Its main clinical manifestations include stomach pain, fullness, ruffian nausea, belching and acid reflux. Some patients may also experience numbness and present other nervous system symptoms. In the course of disease development, gastric mucosal and inherent gland atrophy, decreased gastric acid secretion and other serious effects may disrupt the absorption of nutrients [13] [14] [15] . VitB12 is one of the essential vitamins that can improve folic acid utilization, and in turn promote homocysteine metabolism [16] [17] [18] . Studies have shown that VitB12 and folic acid deficiency lead to homocysteine metabolism, and is inhibited by the role of axons and myelin in Schwann cells, leading to neuronal damage and peripheral neuropathy [19] . Another study revealed that VitB12 deficiency can lead to neuronal myelination [20] [21] [22] . However, at present, the relationship between these two has not been clinically confirmed. Furthermore, the effect of VitB12 on the occurrence and outcome of peripheral neuropathy in patients with CAG remains unclear.
In the present study, by comparing the effects of different factors on peripheral nerve conduction velocity and serum VitB12 levels, it was found that VitB12 deficiency may be a major risk factor for CAG patients with peripheral neuropathy, while CAG and H. pylori infection may be risk factors for chronic gastritis patients with VitB12 deficiency. Simultaneously, this study confirmed that treating the primary disease with the supplementation of VitB12 can significantly improve peripheral neuropathy symptoms, suggesting that the timely supplementation of VitB12 can prevent or improve CAG in patients with peripheral neuropathy symptoms.
Analysis of the influencing factors of peripheral neuropathy
In comparing the general situation of patients with or without peripheral neuropathy, it was found that age, H. pylori infection rate, CAG, BMI, serum vitamin A, vitamin B9 (folic acid) and VitB12 were the possible risk factors for peripheral neuropathy in patients with chronic gastritis. Based on further logistic multivariate regression analysis, it was found that age, H. pylori infection, CAG, VitB9 and VitB12 were risk factors for peripheral neurodegeneration. Among these factors, VitB12, H. pylori infection and CAG exhibited a higher relative risk. In addition, age is also one of the risk factors for CAG [23] [24] [25] [26] [27] [28] , which may be due to its long course; that is, pathogenic factors take a long period of time to become a risk factor for peripheral neuropathy.
Correlation between peripheral nerve conduction velocity and serum VitB12 level
In the assessment of peripheral nerve conduction velocity, it was found that this was more obvious in lower limb peripheral neuropathy, and was particularly evident in tibial nerve sensory nerves in the lower limb. Therefore, the correlation between serum VitB12 level and peripheral conduction velocity was analyzed by tibial nerve sensory nerve conduction velocity. The correlation analysis revealed that peripheral nerve conduction velocity was positively correlated with serum VitB12 levels (R = 0.463); that is, as serum VitB12 levels decreased, the degree of peripheral neuropathy gradually increased.
analysis of influencing factors for VitB12 deficiency
The above studies show that serum VitB12 levels in patients with chronic gastritis were associated with the risk factors for peripheral neuropathy. In order to explore the etiology of VitB12 in patients with chronic gastritis in the present study, the general situations of chronic gastritis patients associated with VitB12 deficiency were compared. Based on further logistic multivariate regression analysis, it was found that H. pylori infection and CAG were independent risk factors for chronic gastritis with VitB12 deficiency. Among these factors, H. pylori infection can lead to VitB12 deficiency [29] [30] [31] . Furthermore, H. pylori infection is one of the common causes of CAG [32] [33] [34] [35] [36] [37] [38] [39] [40] . The possible cause for VitB12 deficiency is the damage induced by H. pylori infection on gastric mucosal cells [41, 42] , which reduces gastric acid secretion and affects the separation of VitB12 from food [43] . At the same time, the reduction in gastric mucosal secretion of vitamin C and stomach pH value is affected by the increased absorption of vitamin B [44, 45] .
Effects of VitB12 supplementation on peripheral neuropathy
Peripheral neuropathy can be treated by VitB12 supplementation. A large number of studies have shown that VitB12 can significantly improve nervous system diseases in patients, such as spinal cord subacute combined disease and reversible myelopathy [46] [47] [48] [49] [50] . In the present study, the management of VitB12 deficiency may be a risk factor (CAG and H. pylori infection). On this basis, by comparing patients with CAG on the basis of conventional treatment without VitB12 supplementation (0 mo), and after 1-3 mo and 6 mo of treatment, the serum VitB12 level and peripheral nerve conduction velocity trend revealed that serum VitB12 level and nerve conduction velocity gradually increased after treatment. As shown in Figures 2 and 3 , it can be observed that the increase in peripheral nerve conduction velocity was faster than that of serum VitB12 levels. It can be speculated that the speed of peripheral nerve conduction was accelerated due to elevated serum VitB12 levels. Hence, VitB12 supplementation can improve peripheral neuropathy.
Limitations and outlook
In the present study, the subjects collected for the experiment all came from our hospital, which may give rise to some limitations. However, there were significant differences in VitB12 and nerve conduction velocity between these two groups. Hence, there can still be a certain degree of response to the relationship between these two. In subsequent studies, a multi-center and multi-region joint cooperation should be conducted to expand the sample size and improve the sample representation, in order to provide results with a higher 
Summary
In summary, in the present study, we analyzed the risk factors of chronic gastritis with peripheral neuropathy. Furthermore, the correlation between serum VitB12 level and peripheral neuropathy was analyzed. The level of serum VitB12 in patients with chronic gastritis was a risk factor for peripheral neuropathy, and serum VitB12 levels and the severity of peripheral neuropathy were positively correlated. In addition, CAG and H. pylori infection were the major risk factors for VitB12 deficiency in patients with chronic gastritis.
By comparing the peripheral nerve conduction velocity after VitB12 supplementation, it was found that the treatment of CAG and the control of H. pylori infection while supplementing with VitB12 can significantly reduce peripheral neuropathy. This suggests that the timely supplementation of VitB12 may become a treatment or even prevent the occurrence of CAG in patients or the occurrence of peripheral neuropathy. However, it remains to be further studied whether this can be applied to this population.
ARTICLE HIGHLIGHTS research background
The main clinical manifestations of chronic atrophic gastritis are excessive abdominal pain, bloating and abdominal discomfort. It is known that the insufficient secretion of substances would affect vitamin B12 (VitB12) absorption. VitB12 and folic acid deficiency can affect homocysteine metabolism, which leads to peripheral neuropathy. Therefore, the occurrence of patients with chronic atrophic gastritis numbness and other nervous system symptoms may be related to VitB12 and folic acid deficiency
research motivation
At present, there are no studies reporting the effect of VitB12 supplementation on the occurrence and outcome of peripheral neuropathy in patients with chronic atrophic gastritis. The causes of peripheral neuropathy in patients with chronic atrophic gastritis are also not clear. Therefore, it is necessary to explore the risk factors of peripheral neuropathy in patients with chronic atrophic gastritis.
research objectives
This study aimed to explore the clinical features of peripheral neuropathy in patients with chronic atrophic gastritis and to screen out the possible risk factors in order to find out the feasible prevention and intervention measures for the clinical treatment of chronic atrophic gastritis
research methods
In total, 593 patients diagnosed with chronic gastritis were involved and their gastric acid, serum gastrin, serum vitamin and serum creatinine tests, peripheral nerve conduction velocity and Helicobacter pylori (H. pylori) were detected. In addition, the type of gastritis was determined by gastroscopy. All detected results were used to analyze the relationship between VitB12 levels and peripheral nerve conduction velocity.
research results
H. pylori infection and chronic atrophic gastritis were independent risk factors for chronic gastritis associated with VitB12 deficiency. The separation of VitB12 from food was affected because H. pylori infection in gastric mucosal cells damage gastric acid secretion (reducing it). This study also found that the serum VitB12 and nerve conduction velocity gradually increased after VitB12 supplement treatment, suggesting that VitB12 supplementation can improve peripheral neuropathy.
research conclusions
This study found that serum VitB12 is a risk factor for peripheral neuropathy in patients with chronic gastritis, and serum vitamin B12 is positively correlated with the severity of peripheral neuropathy. Chronic atrophic gastritis and H. pylori infection are the main risk factors of VitB12 deficiency in patients with chronic gastritis. In addition, timely VitB12 supplementation may be an effective treatment and even a prevention method of peripheral neuropathy in patients with chronic atrophic gastritis.
research perspectives
Although this study has demonstrated serum VitB12 level is related to peripheral neuropathy in patients with chronic atrophic gastritis, it is still limited since it's a single center study. Future research should be designed as a multicenter study, and a large sample size is needed to make the findings more credible.
